The current study was designed to perform deep analyses of the associations of biomarkers, including high-sensitivity C-reactive protein (hs-CRP), N-terminal prohormone of brain natriuretic peptide (NT-proBNP), and homocysteine (Hcy), with insulin resistance (IR), metabolic syndrome (MetS), and diabetes risk and evaluate the abilities of biomarkers to identify IR, MetS, and diabetes risk in Chinese community-dwelling middle-aged and elderly residents. Participants and methods: A total of 396 participants older than 45 years underwent physical examinations and laboratory analyses following standardized protocol. Results: Serum hs-CRP concentrations were able to identify MetS, Chinese diabetes risk score (CDRS) 4, high-density lipoprotein-cholesterol (HDL-c) 0.9/1.0 mmol/L, and HDL-c 1.0/1.3 mmol/L (P0.05 for all). Serum NT-proBNP concentrations were able to identify homeostasis model assessment of IR 1.5, CDRS 4, overweight, and blood pressure (BP) 140/90 mmHg (P0.05 for all). Serum Hcy concentrations were able to identify CDRS 4, general obesity, overweight, and BP 140/90 mmHg (P0.05 for all). Serum hs-CRP concentrations were independently associated with MetS as well as HDL-c 1.0/1.3 mmol/L and HDL-c 0.9/1.0 mmol/L (P0.05 for all). Serum NT-proBNP concentrations were independently associated with BP 140/90 mmHg (P0.05). Serum Hcy concentrations were independently associated with CDRS 4 (P0.05). Conclusion: Serum HDL-c levels were the major determinant of the associations between serum hs-CRP levels and MetS and the key link between inflammation and MetS. There was no other association of these biomarkers with IR, MetS, and diabetes risk after full adjustment.
Introduction
Metabolic syndrome (MetS) is a constellation of interrelated metabolic risk factors that appear to directly promote the development of diabetes and cardiovascular diseases. 1 Identification of biomarkers associated with MetS and diabetes is desirable to establish screening programs, preventive interventions, and therapeutic strategies most appropriately directed at MetS and diabetes, which can reduce the increased prevalence of MetS and diabetes worldwide and attenuate the morbidity and mortality of diabetes and cardiovascular disease. 2, 3 Although several studies have analyzed the associations of MetS and diabetes risk with biomarkers, including high-sensitivity C-reactive protein (hs-CRP), N-terminal prohormone of brain natriuretic peptide (NT-proBNP), and homocysteine (Hcy), there have been too much controversial results. [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] To our knowledge, a limited amount of information is available regarding these associations in non-Caucasian populations, particularly among Chinese community-dwelling residents. 15, 16 Recent studies have more and more focused on the significant role of insulin resistance (IR) in linking cardiovascular risk factors. 17 Studies about the associations of IR with biomarkers representing diverse biological roles and pathological phenomena can help us to understand the mechanisms underlying the development of MetS and diabetes. Notably, few studies, especially Chinese community-based studies, concerning the associations of IR with biomarkers, including hs-CRP, NTproBNP, and Hcy, have been conducted, and it is a long way to go for the definite answer. 10, [18] [19] [20] [21] [22] Therefore, the aim of the current study was to perform deep analyses of the associations of biomarkers, including hs-CRP, NT-proBNP, and Hcy, with IR, MetS, and diabetes risk and evaluate the abilities of biomarkers to identify IR, MetS, and diabetes risk in Chinese community-dwelling middle-aged and elderly residents.
Participants and methods study participants and information collection
The current study was conducted as part of a large health checkup program in Beijing, People's Republic of China, during the period from May 2007 to July 2009. The participants were restricted to the community-dwelling residents of Han origin older than 45 years at the time of health examination. There were a total of 396 participants in the current analysis after excluding 63 participants due to the diagnosis of diabetes. A stratified cluster sampling design was used in this survey. In the first stage of sampling, three districts (Fengtai, Shijingshan, and Daxing) were selected from 18 districts in Beijing. In the second stage of sampling, four communities were selected from these districts. In the third stage of sampling, participants were selected from these communities. The study protocol was approved by the ethics committee of Chinese People's Liberation Army General Hospital (Beijing, People's Republic of China). Each participant provided written informed consent to be included in the study. The participants underwent routine clinical physical examinations, which included measurements of height, weight, waist circumference (WC), and resting blood pressures (BPs). All data for each participant were evaluated by well-trained physicians in Chinese People's Liberation Army General Hospital. Standing height was determined using a wall-mounted measuring tape without shoes. Body weight was determined using a digital scale with the participants lightly clothed and without shoes. Body mass index (BMI) was calculated as the ratio of the weight (kg) to the square of height (m 2 ). WC was measured using a soft tape while the subjects stood balanced on both feet, with the feet touching each other and both arms hanging freely. Measurements were taken midway between the lowest rib and the iliac crest. Systolic blood pressure (SBP) and diastolic blood pressure (DBP), measured using a standard mercury sphygmomanometer, were taken at the first and fifth Korotkoff sounds in the seated position after participants rested for at least 5 minutes. Two measurements were performed at 1-minute intervals, and the mean of two readings was used for analyses.
laboratory analyses
Blood samples were withdrawn between 8 am and 10 am after an overnight fast of at least 12 hours, routinely stored, and submitted to the central laboratory in the Department of Biochemistry, Chinese People's Liberation Army General Hospital, on the same day. Fasting blood glucose (FBG), triglyceride (TG), low-density lipoprotein-cholesterol (LDL-c), and high-density lipoprotein-cholesterol (HDL-c) were checked by qualified technicians blinded to clinical data using enzymatic assays (Hoffman-La Roche Ltd., Basel, Switzerland) on a fully automatic biochemical analyzer (Cobas c6000; Hoffman-La Roche Ltd.). The participants attending the collection of fasting blood sample subsequently performed the standard oral glucose tolerance test and obtained the postprandial blood glucose (PBG), which was done 2 hours after consumption of 75 g glucose. Concentrations of hs-CRP were determined by an immunoturbidimetric assay using a Dimension RxL Max analyzer (Siemens Healthcare Diagnostics Inc., Munich, Germany). Concentrations of NT-proBNP were measured with an electrochemiluminescence immunoassay (Hoffman-La Roche Ltd.) using an analyzer (Cobas c6000). Concentrations of Hcy were determined by high-performance chromatography with fluorometric detection. Fasting insulin (FINS) levels were determined by DPC kit (DPC cirrus Inc., Los Angeles, CA, USA) on a fully automatic chemiluminescence analyzer (DPC IMMULITE 1000; DPC cirrus Inc.). All assays were performed without knowledge of participants' clinical data. More recently, our hospital set up the first risk score of the People's Republic of China identifying individuals who were likely to develop diabetes in the near future, named the Chinese diabetes risk score (CDRS), which consisted of age (66: coded 0; 66-75: coded 1; 76: coded 2), hypertension (coded 1), history of high blood glucose (coded 3), BMI (24: coded 0; 24: coded 1), high FBG (coded 2), high TG (coded 1), and low HDL-c (coded 2). Hypertension was defined as having the SBP 140 mmHg, DBP 90 mmHg, or the use of antihypertensive medications. Diabetes was defined as being present if FBG was 7.0 mmol/L, PBG was 11.1 mmol/L, or insulin or oral hypoglycemic medications were used. FBG 5.6 mmol/L was considered as high FBG. TG 1.7 mmol/L was defined as high TG. HDL-c 0.9 mmol/L in men or HDL-c 1.0 mmol/L in women was considered as low HDL-c. The total score value ranged from 0 to 12, and a cutoff score of 4 indicated optimum sensitivity and specificity for detecting diabetes. 26 
statistical analyses
Categorical variables were reported as number with percentage, normally distributed continuous variables as mean with standard deviation, and nonnormally distributed continuous variables as median with interquartile range. Differences between groups were analyzed with chi-squared test for categorical variables, independent t-test for normally distributed continuous variables, and Mann-Whitney test for nonnormally distributed continuous variables. Bivariate correlations of biomarkers with each component of MetS and CDRS, MetS component numbers, CDRS, and HOMA-IR were determined using the Pearson's (normal distribution) and Spearman's (abnormal distribution) coefficients. Receiver operating characteristic curves and area under the curve were used to evaluate whether the biomarkers were capable to identify each component of MetS and CDRS, HOMA-IR, MetS, and CDRS. The logistic regression procedures were applied to assess the risk of each component of MetS and CDRS, HOMA-IR, MetS, and CDRS according to biomarkers. All reported P-values were two tailed, and confidence intervals were calculated at the 95% level. All statistical analyses were performed using Statistic Package for the Social Sciences (version 17.0; SPSS Inc., Chicago, IL, USA) software.
Results

Baseline characteristics
For the total population, the median age was 66 years (58-71 years), and 53% were male, with median hs-CRP, NT-proBNP, and Hcy concentrations of 0.29 mg/dL (0.17-0.38 mg/dL), 41.42 pg/mL (17.34-80.72 pg/mL), and 17.20 μmol/L (14.10-21.58 μmol/L), respectively. The prevalence of MetS and general obesity was 33% and 21%, respectively. The median level of HOMA-IR was 1.5 (1.0-2.1), and 25% of participants had CDRS 4.
simple comparisons
The characteristics of the whole cohort grouped by the levels of HOMA-IR and the presence of MetS are provided in Table 1 . The individuals with HOMA-IR 1.5 and MetS were more likely to have higher levels of BMI, WC, DBP, FINS, PBG, TG, and hypertension and lower HDL-c levels than others (P0.05 for all). The levels of SBP in the individuals with MetS and the levels of FBG in the individuals with HOMA-IR 1.5 were higher than those of others (P0.05 for all). In spite of no difference in sex ratio between the individuals with and without HOMA-IR 1.5 (P0.05), there were more males with MetS (P0.05). The levels of LDL-c were similar between the individuals with and without MetS and HOMA-IR 1.5 (P0.05 for all). Both groups were similar with regard to history of high blood glucose (P0.05 for all). Serum hs-CRP concentrations in the individuals with MetS were higher than those of others (P0.05), but they were similar between the individuals with and without HOMA-IR 1.5 (P0.05). Serum NT-proBNP concentrations in the individuals with HOMA-IR 1.5 were lower than those of others (P0.05), but they were similar between the individuals with and without MetS (P0.05). There was no difference in serum Hcy concentrations between the individuals with and without HOMA-IR 1.5 and MetS (P0.05 for all). The characteristics of the whole cohort based on the levels of CDRS and the presence of general obesity are described in Table 2 . The individuals with CDRS 4 and general obesity tended to have higher levels of BMI, WC, SBP, FINS, PBG, TG, and hypertension and lower levels of HDL-c than others (P0.05 for all). Both groups were similar with regard to sex ratio and LDL-c levels (P0.05 for all). The levels of DBP in the individuals with general obesity were higher than those of others (P0.05), but they were similar between the individuals with and without CDRS 4 (P0.05). The levels of serum FBG and history of high blood glucose in the individuals with CDRS 4 were 
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Biomarkers with Ir, Mets, and diabetes risk higher and more than those of others (P0.05 for all), but they were similar between the individuals with and without general obesity (P0.05). Serum hs-CRP concentrations in the individuals with CDRS 4 were higher than those of others (P0.05). Serum NT-proBNP concentrations in the individuals with CDRS 4 were higher than those of others (P0.05), but they were similar between the individuals with and without general obesity (P0.05). Individuals who did not have CDRS 4 and general obesity were likely to have higher serum Hcy concentrations compared with those who had CDRS 4 and general obesity (P0.05 for all).
Correlation analyses
Correlation coefficients for biomarkers in relation to the components of MetS and CDRS, MetS component numbers, CDRS, and HOMA-IR are presented in Table 3 . Serum hs-CRP concentrations were related to the levels of BMI, WC, FBG, HDL-c, MetS component numbers, and CDRS (P0.05 for all). Serum NT-proBNP concentrations were correlated with the levels of SBP, DBP, TG, CDRS, and HOMA-IR (P0.05 for all). Serum Hcy concentrations were linked to the levels of BMI, WC, SBP, FBG, HDL-c, and CDRS (P0.05 for all). However, no other significant relationship was observed in the correlation analyses (P0.05 for all).
receiver operating characteristic curve analyses
Area under the curve values of biomarkers for identifying the components of MetS and CDRS, HOMA-IR, MetS, and CDRS are shown in Table 4 . Serum hs-CRP concentrations were able to identify MetS, CDRS 4, HDL-c 0.9/1.0 mmol/L, and HDL-c 1.0/1.3 mmol/L (P0.05 for all). Serum NT-proBNP concentrations were able to identify HOMA-IR 1.5, CDRS 4, overweight, and BP 140/90 mmHg (P0.05 for all). Serum Hcy concentrations were able to identify CDRS 4, general obesity, overweight, and BP 140/90 mmHg (P0.05 for all).
logistic regression analyses
The results from logistic analyses for biomarkers with the components of MetS and CDRS, HOMA-IR, MetS, and CDRS are displayed in Table 5 . Serum hs-CRP concentrations were independently associated with MetS as well as HDL-c 1.0/1.3 mmol/L and HDL-c 0.9/1.0 mmol/L after adjustment shown in Table 5 (P0.05 for all). Serum NT-proBNP concentrations were independently associated with BP 140/90 mmHg after adjustment shown in Table 5 (P0.05). Serum Hcy concentrations were independently associated with CDRS 4 after adjustment shown in Table 5 (P0.05). However, other associations for biomarkers did not reach statistical significance with adjustment (P0.05 for all).
Discussion
MetS is a cluster of metabolic risk factors associated with an increased risk for developing diabetes and cardiovascular diseases. 1 The prevalence of MetS and diabetes is increasing worldwide, thus creating an urgent need for evaluating biomarkers that can be used to further identify and treat individuals at greatest risk for MetS and diabetes and reduce and CDRS have been described recently, [29] [30] [31] but they lost independence after full adjustment in the current study. Meanwhile, although serum Hcy levels were able to identify several components of MetS, they were not independently related to them in the current study, which was in accordance with the results from previous studies.
32,33
Conclusion
The current study performed deep analyses of the associations of biomarkers, including serum hs-CRP, NT-proBNP, and Hcy levels, with IR, MetS, and diabetes risk in non-diabetic Chinese community-dwelling middle-aged and elderly population, which possess significant clinical implications. In the current study, serum HDL-c levels were the major determinant of the association between serum hs-CRP levels and MetS and the key link between inflammation and MetS. There was no other association of these biomarkers with IR, MetS, and diabetes risk after full adjustment. the influence of other variables. 6 In the current study, serum hs-CRP levels were not only able to identify the presence of MetS but also independently associated with MetS after adjusting for all components of MetS and CDRS except serum HDL-c levels. Moreover, we found that serum HDL-c levels were the only component of MetS and CDRS that was independently associated with and identified by serum hs-CRP levels. Thus, serum HDL-c levels were the major determinant of the association between serum hs-CRP levels and MetS and even the key link between inflammation and MetS. It gave us some significant enlightenment on how to further understand the underlying mechanisms of inflammation and MetS, which can lead to better prevention and treatment of diabetes and cardiovascular diseases.
Serum hs-CRP levels have been reported to be a risk factor of diabetes and able to identify the development of diabetes. 7 But studies from Lee et al 8 have observed that there was no independent association between serum CRP levels and diabetes risk. In the current study, although serum hs-CRP levels had the ability to identify diabetes, serum hs-CRP levels had insignificant association with the risk of diabetes in fully adjusted analysis. Additionally, some studies have found a relationship between serum hs-CRP levels and IR, 18 while other studies have revealed that serum hs-CRP levels were not closely related to IR. 19 The current study indicated that serum hs-CRP levels had no chance to detect IR and were not related to IR after controlling for all components of MetS and CDRS. 20, 27 Conflicting data have existed on the associations of biomarkers, including serum NT-proBNP and Hcy levels, with IR, MetS, and diabetes risk. In some studies, serum NT-proBNP and Hcy levels have been significantly related to IR, MetS, and diabetes risk. [9] [10] [11] [12] 21 However, there has been no relationship of serum NT-proBNP and Hcy levels with IR, MetS, and diabetes risk in other studies. 13, 14, 22 The current study showed that despite the identification of one or more of IR, MetS, and diabetes risk by serum NT-proBNP and Hcy levels, there was no independent association of serum NT-proBNP and Hcy levels with IR, MetS, and diabetes risk after full adjustment covering all components of MetS and CDRS.
Previous studies have reported a positive association between serum NT-proBNP levels and BP. 28 In conformity with these data, we found that BP was not only able to be detected by serum NT-proBNP levels but also the only component of MetS and CDRS independently associated with serum NT-proBNP levels after eliminating the influence of all other components of MetS and CDRS. The relationships of serum NT-proBNP levels with other components of MetS 
